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THE DIILECTION OF ROTATION OF CYCLONIC DEPRESSIONS. 
By J. P. DINES. Meteorological Ofice, London. 

[Dated: 5311. 16, 1919.1 

I n  a recent, nuniber (if Nature (Dec. 12, 19lS’r I cn.llccl 

why cyclonic ciir.ul2it.ion sIiuulil not t,n!ie plwc in the i.qi- 
posite direc tiiin t.o that c~ommonlye q ~ ~ ~ r i r n ~ ~ e d .  ‘l’1i:Lt is, 
clockwise circulirticrn I o u d  n. low pressiirc cc-nt,er li\:iy 
theore ticnlly oi:cur hi  t>he Northern Iiemisphere n i i d  
counter clorl<wisc in t.lie Soutlit~rn. This result is app~c-  

netting the velocity T I  with the 1)ressurr grai icn t y . 

attentmion to the fact ti1:i.t. tiierc is no dynn!aicid re i I: .so11 

eiit on coiisiclerntioii ol the gradient wind ec \ 11 a t’ 1c,n cc:111- 

Tlie equation is 

3 =?a. V. sin X + T’?. co t p!R 
D 

where D is density, w tuigulnr relocity id t.lie eart,h, X lnt- 
itucle, h’ radius of the eiwt,li auil p niigular radius of curra- 
ture of t,he iiir pnth. 

This equation heiiig n qu:idro,tir in 1’ lins two roots, a 
msitive one which cvrrespionds wit,li tlie iiornial circu- 

lation and a nuniericitlly liwger oiie of negative sign cor- 
responding with reversed circulation. Both tliese roots 
re iresent a stable sti1t.e mid therefore the only rcnsiin 
w t iich appears to exist to prevent the revei-sed cyclone 
is t1iii.t it can not! get stsrted, tlie rotation of the eiwth 
inevitably causing ccouii ter cloclmise ro tation to lie sc t 
up in tlie Northern Heniisphere inimeclia tcly ~ i i y  low 
pressure center is forllieil. 

In t circular cyclone of tlie reversed type. if the pres- 
sure gradient remnin rwnstmt with increming dis tame 
from the center the wind velocity will become very great 
in the outer regions, whrrc p is large. It seems to follow 
that in sur:.h a cyclbne tlie pressure gradient must f d l  off 
rnpidly from the center and the steep gradient often 
found over large areas in iiioniia.1 cyclones could not 
occur in the reversed type. 

In the case of circuliitmm round a high pressure center 
the positire sign in tmlie above equation is replaced by a 
minus sign. Two roots €or . T -  ngsin appear, but in this 
case both are of the same sign aiid therefore both corre- 
spond with clockwise rotation in the Northern Henii- 
sphere. 

It seems possible t h t  the revei-secl cyclone niny be 
formed on a small scale by nccidentnl cituses si1c.h as nn 
eddy set up round 2% prec~pitous liea~dla.nd, nnd pcrhap 
under favornble conditions such a wliirl might develup 
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into A ty-narlo, retaining its clockwise rotation. Little 
attention seems to linve been devoted to the direction 
of rotntioii of torndos and evidence on the ioint is 

1tsrr~::w for April, 191S, 2% wliirlmincl a t  Pasadena, Calif., 
was described nnd Prof. E. Ellernian, of Mount Wilson 
Solar Ohsci-v-xtciry, recordetl his impression that the 
rotatioil  mi^ clockwise. 

The mi tlior i>f tlia l>ill)er apparently did not consider 
this evidencre conclusive nncl the question remains open. 
One ~vould like to impress stroiidy on observers of such 
p~ienonicn:L t1ie importnnce uf t i h g  careful note of t~ ie  
tlirectiim iif rutntioii. A study of the damage along the 
s torm track shoulil nff orcl conclusive evidence in the 
majority of cases. In this res Iect observers in the 

tlwse in this country, owing to the extreme rarity of such 
phenomcna in Europe. 

sn!iietimeu conllic: thg .  Thus in the MONTHLY TI ! EATHER 

United States are in  t i  iiiucli more \ urorsble position than 

cic I edly grentcr thnii in the norninl type 

tin interesting €act which emerges 
roots of the equiition is that wlierens in 
de imssion the vcltscity in the revei-sed 

gradient, in small whirls of the tornado 
the smie in either direction. There is thus no reason to 
thinl; thn t, wit>li a given decrease of bnronie tric pressure 
at the center the rereisecl tornado would be appreciably 
m ~ r e  or less destructive tlinii the counterclockwise type. 

It has ])robably been generally recognized that a small 
whirl can rotiite in either direction, but the fact that the 
same principle npplies to it large cyclonic depression 
appeal.;; to have escaped attention. 

DISCZTSSION. 

While tlie main point of Mr. Dines’s paper is the proof 
of the dynitmic possibility aiid a call for observations of 
reverse cyclones, the results of n further discussion of 
this matter in the Central Office of the Weather Bureau 
may be of interest. 

A “gradient wind,” by definition, flows in a direction 
perpendicular to the gradient and a t  such a velocity that 
two of the tlirce forres, (1) gadient, deflective effect 
of tlie earth’s rotation, and (3) centrifugal force, acting 
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in one direction are numericall equal to tlie third, 
actin in the opposite direction. Galiing symbols used in 
the 8 nited States [and assigning to each a value used 
by Dines (N!ture, Dec. 13, 1918, ). 2S4)], nmiely, 
p for air density [1,217 gm. ier c,u. ni!, 
zppn pressye gradient 11 nit). per 100 1m.1, 

w velocity of angular rotation of the earth [.00007203], 
v wind velocity [to be determined], 
4 latitude [ 5 5 O  N.], , 

and 7 radius of curvature of the wind path as projected 
horizontally 011 a plane tangent to tlie earth's 
surface a t  the center of wind-ptli curvature 
[334 lim.], 

the gradient force, g, is ; 1 *  a?,, , [ .OOOS22],  

the deflective effect of the earth's rotation, d,  is 2ati sin.4 

and the centrifugal force, c, is v3/r 1.000003~2J. 
[.0001195v] , 

their interferences, t,hus, would be more likely to make 
countercloc.hvise whirls than the reverse. 

What is the condition of relatively weak clockwise 
whirls? The reverse cyclone has the deflective and 
gradient forces toward the inside of the curve equal nu- 
merically to the very large centrifugal force toward 6he 
outside ((1 + 9 = c; see fig.) ; and it is only at  high veloci- 
ties bhat this centrifug.al force can be large enough to 
equal both the deflective force and the gradient. A t  
snidler velocities the cent.rifuga.1 force is always less than 
the cleflect.ing force, and so, to maintain the equation, 
the mntrifugal force must have the gradient force act- 
ing with i t  to keep the wincl on a iven c.urved path 

be a high instead of a low pressure center on the, inside 
of the curve. Wenk clockwise impulses would, there- 
fore, be associated with anticyclones instead of cyclones- 
C, F. Broofis. 

(cl = c + 9: see fig.). I n  other words, t. E ere would have to 

Let us consider these in the normal cyclone (counter- 
clockwise in the Northern Hemisphere), the reverse 
c clone (clockwise in the Northem Hemisphere ), and 
t E e anticyclone, using, for illustrrttion, diagrams drawn 
to correspond numeridly to the values assigned above. 

The given latitude, gmdient, and radius of rurva.ture 
in Dines's esample would thus reyuiro a wind of G ni./s. 
in the counterclockwise cyclone and one of 46 ni./s. in 
the clockwise. Even if the adient should appronc.h 
zero the velocity re uisite to E e p  the clockwise cyrlone 

Since with ordina.ry gradients and radii of curvature 
the velocity necessary to maintain a clockwise c.yc.lone is so 
high, it is obvious why such a reverse cyclone does not get 
started on scale larger than a dust whirl or possihly a 
tornado. Tornadoes are so generally counterclockwise 
(1) because the necessary initial impulse does not need 

eat to start one in this direction aa in the 

south wind on the east and the north wind on the west; 

going would not fall % elow 40 ni./s. 

other, to be so an cr (2) because in tornaclv regions there is the 

ADDITIONAL NOTE ON CLOCKWISE AND COUNTEECLOCK- 
WISE CYCLONIC MOTIONS WITH APPLICATION 

TO THE FLXGHT OF AIRCRAF'T. 

Meteorologist-s ea.si1-y perceive the slight possibilities 
that, the (?lockwise motions, shown in Mr. Dines's note to 
be dpnaniicallg possible, can ac t,ually get agoing and be 
sustained 011 any consitlernble s r d e  in nabure. Never- 
theless, no such limitations arise in the caae of the flight 
of airplanes, and with a trifling alteration in one term tho 
equations for the ntmos heric iiiotions become fully 
a plicable to the flight o P birds and aircraft. It may, 

these consiclerations lead. 
The basic equation governing all motions of bodies 

nioving horizontally a t  a uniform velocity in curved 
paths over the cartli's surfwe is: 

(1) 
in which ?n is the mass of the body; v its velocity; T the 

ta I: erefore, be interesting to esaniine t.he results to which 

' JH ip - = Fm *-fin 
T 


